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SOIL  TESTING 

by  W.  J.  Eden 

It  is  the  purpose  of  this  Digest  to  describe 
engineering  soil  tests  commonly  used  in  site 
investigations  and  to  indicate  their  potential 
use  and  limitations.  It  may  be  regarded  as  a 
sequel  to  CBD  29,  “Engineering  Site  Investi¬ 
gations,” 

Soil  testing  is  based  on  the  premise  that 
the  behaviour  of  soil  masses  under  imposed 
conditions  can  be  predicted  if  certain  soil  prop¬ 
erties  can  be  measured.  Because  soil  is  a  natu¬ 
ral  material  that  is  much  more  variable  than 
man-made  building  materials,  and  becaus*.  it 
is  a  multi-phase  system  composed  of  solid  par¬ 
ticles  with  their  intervening  void  spaces  filled 
with  either  water  or  air  or  a  combination  of 
both,  the  results  of  soil  tests  must  be  inter¬ 
preted  in  the  light  of  past  experience,  climate, 
and  the  geo  og>  of  the  site. 

One  of  the  most  important  requirements  is 
that  soil  tests  lie  conducted  on  samples  that 
are  truly  representative  of  the  soil  at  the  site. 
To  l>e  successful,  soil  sampling,  testing  and 
test  interpretation  must  be  conducted  under 
the  guidance  of  specially  trained  and  experi¬ 
enced  personnel  Proper  soil  testing  has  prosed 
to  l>e  a  reliable  basis  for  the  design  of  founda¬ 
tions  and  has  permitted  the  design  of  many 
notable  structures  on  difficult  sites. 

The  various  tests  may  be  divided  into  four 
(ategories:  classification  or  indicator  tests, 
used  to  identifv  and  describe  soils  so  that  they 
mav  l>e  compared  with  other  soils  of  known 
behaviour;  strength,  density  and  compressi¬ 
bility  tests  which  have  direct  apphcation  in 
determining  the  bearing  capacity  of  a  soil  and 
are  used  to  forecast  the  probable  magiitude  of 
settlement;  control  tests  used  in  constnicting 
earth  structures  to  ensure  that  backfill  and 
road  ba.ses  meet  the  required  specifications  for 
grading  and  den.sity;  and  spedtd  purpose  tests. 
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which  include  mi/asurement  of  the  swelling  or 
.slirinking  potential  ot  a  clay  and  determination 
of  the  possible  corrosivity  of  a  soil. 

Classification  or  Indicator  Tests 

The  first  requirement  of  any  soil  testing  pro¬ 
gram  is  the  adequate  identification  and  descrip¬ 
tion  of  soils  to  supplement  the  brief  visual 
description  supplied  by  the  drilling  crew.  A 
number  of  relatively  simple  tests  are  used  for 
this  purpose  and  are  outlined  below.  They 
provide  accurate  classification  and  permit  com¬ 
parison  with  other  soils  where  behaviour  is 
better  known.  They  are  also  used  as  a  basis 
for  selecting  samples  for  the  more  expensive 
strength  tests. 

Cohesive  or  fine-grained  soils  (clays)  and  co¬ 
hesionless  or  coarse-grained  soils  (sands)  re¬ 
quire  different  tests  to  assess  their  probable 
behaviour.  For  cohesionless  soils  the  density 
and  grain  size  distribution  or  grading  are  mo.st 
indicative  of  behaviour,  On  the  other  hand, 
lasticity  gives  a  better  appraisal  of  the  be- 
aviuur  of  cohesive  soils.  Natural  water  con¬ 
tent  is  also  of  vital  interest  It  is  measured  by 
weighing  a  sm;ill  sample  of  soil  in  its  natural 
state,  rlrying  it  in  an  oven  at  105‘''(L  and 
weighing  the  dried  sample.  The  loss  of  water 
upon  drying  is  expressed  as  a  percentage  of  the 
weight  of  dry  soil.  The  natural  water  content 
is  of  most  significance  when  compared  with 
the  ".\tterberg  Limits"  or  pl.isticity  character¬ 
istics  of  a  soil. 

Depending  on  the  amount  of  water  present, 
rxihesive  .soil  can  exist  in  three  states;  as  a 
liquid  slurry,  a  plastic  substance  ir  a  solid 
The  tests  for  Atterberg  Limits  were  developed 
as  a  means  of  distinguishing  them  The  "liquid 
limit"  is  the  relatively  high  water  content  at 
which  the  soil  changes  from  a  liquid  to  a  plas¬ 
tic  state,  and  the  "plastic  limit"  designates  the 
relatively  low  water  content  at  which  .soil 
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ch.iiii’es  tror.  .1  to  a  solid  staff  'I'hi- 

procedurfs  toi  dftfi  niinini'  the  lifjuid  anil 
plastic  limits  arc  mcII  cslablislieil  and  arc  ilc- 
scrilx'd  in  detail  in  iinlilicalions  ot  the  Amer¬ 
ican  Society  for  restini;  and  Materials  and  of 
the  British  Standards  Institution 

The  differt  nee  in  ss  alcr  (  (intent  hefween  the 
liijiiid  and  plastii  limits  is  defined  as  the 
"plasticity  index’  of  the  soil.  It  follows  that 
the  greater  the  plasticity  index,  the  more  plas¬ 
tic  and  compressible  and  the  greater  the  \ol- 
nme  change  characteristics  of  the  soil  The 
plasticity  index  h.is  proven  to  lie  one  ol  the 
most  useful  of  all  soil  indices  and  is  essential 
to  th('  desinption  of  a  cohesisc  soil 

.•\s  a  (  onvenience  for  (  (impal  ing  a  l  ariels  ol 
soils.  Dr  .A  (iasagrande  devised  a  plastn  if\ 
chart  (Figure  I  1,  in  which  an  eiiipirK  al 
boundars  known  as  the  “A  ”  line  separ.ites  in 
organic  class  from  silts  and  organic  soils  Soils 
of  the  same  jjeoloi^ieal  orii;iii  ustLills'  plot  «ni 
the  plastu  ity  i^  liart  as  stiaiulit  Imes  parallel  to 
the  A  li!ie  ’I'lie  l.iriier  the  plastitits  jiulev  th<- 
ijreater  will  he  the  xdhinie  chaniie  ehar.K-tei- 


I  i'ii'ti.itu  ‘hint  '  iiftrr  A  C'osd^rutuie  ‘ 

istics  ■  l  at’  or  jilastie  (la\s  pl(»t  above  th<* 
line.  Organic  soih.  silts  and  claw  <'()ntajnirm 
a  larije  portion  of  ‘rock  flt'ur  ”  (finely  pround 
noiM  Ia\'  riinwTals^  plot  below  it 

1  he  jelafinii  of  the  iiatnial  water  content 
to  the  liqiiid  and  jilastic  limits  is  inditative 
of  soil  Ix  havionr  If  the  natural  water  eontent 
»s  abova*  or  (lose  to  t!i<'  h<]nid  limit,  the  soil 
nia\  lie  “seiisitis c  ”,  in  xshieh  (  ase  it  suffers  a 
'.:re‘at  loss  of  stiencth  \shen  riisturl)e<l  Sensi¬ 
tive  soils  have  a  hone\(()mb  or  card  fionsr 
stnntnie  and  o\ei stressinc  them  can  lead  to 
disastrous  failures  This  sensiti\it\  complicates 
samplnni  and  testimj  and  special  procedures 
often  have  to  be  adopted 

fb  nn  si/e  tests  ar(  made  not  onb  to  deter 
niiiH'  the  si/e  of  tile  individual  ix?  iii.s  m  t 


sod.  but  also  to  (ieteiinim  tlie  lelativc*  distil 
biitioM  of  tlie  si/es  In  ( < ihesionb  ss  soils  tfa 
lii.ilh  si/e  disti  ibiition  is  delfimined  b\  pas'' 
11114  a  dried  s.iinple  ot  soil  tbroniih  mk(<  sm\(  |\ 
siuailer  sieves  down  to  the  2(M)  sieve  I  In 
i;r*iin  si/e  of  fine-drained  cobesivc’  sods  must 
1h*  dctc  rtnint'd  by  more  elaborate  methods 
One  such  test,  the  liv ciroinetcr  test,  involves 
the  measureincait  ot  the  spt'cifie  ‘d 

soil-water  suspension  at  fixed  time  mttuvals 
The  grain  size  is  c.dciilatrd  using  Stokevs’  Law, 
vvhicfi  forecasts  the  terminal  velocity  of  u 
splieric'al  body  falling  through  a  Huid  medium 
With  the  hydrometer  method  it  is  possible*  to 
estimate  the  gram  si/e  of  j)ar(i(l(S  lanuimz 
from  the  2t>()  si(*vo  to  colloidal  si/i  par(i<  h  s 
■  approximatcK  ()  ()()()“)  niin  ' . 


The  gram  si/e  distribution  (iiivt  indn.Ois 
tlu*  range  of  the  si/t*  of  particles  preseait  m  t 
soil.  Its  shape  e.ni  he  used  in  eon|im(tioii  witii 
boring  information  to  indicate*  densitv  nm- 
foim  sod.  one  consisting  of  paitulis  with  a 
\(.*rv  nariovv  range  in  si/es.  is  lialil*  (u  be  lonsr 
\  ■»»»!!  g”  sol).  c»n  the  otbei  li.iiid.  It  mis  to 

l>e  densr  and  t  an  be  coinj^acted  evi  n  mon  \s  itb 
iiiecbanual  e<impnH‘nf.  Ilie  giam  si/*  cinvi 
inav  .dso  be  used  to  detiiiniiie  wlir  tfa  r  'Oi!  is 
susceptible  to  fn‘st  a<tii)n,  and  \\b<  tber  s.md^ 
md  gravels  meet  sp*  *  iHc  atimis  foi  com  n  ti- 
aggiegates  .md  lo.nl  l),is«  mateiials 


Other  indicator  tests  that  ina\  be  i.niieii 
•  •lit  aie  the*  (h'tcrnnnation  of  the  spei  ifit  giavi- 
tv  of  soil  paifleles,  tilt  sliMiikage  Innit  ami  llic 
amount  of  organic  matter  m  .1  sod  TIk  spo<  i- 
fie  gravitv  of  the  soil  j>aitl<  l«  s  assists  in  i  ah  u 
lations  of  olbei  more  elabm.iU  tests  sm  li  as 
( onsolidation.  1  be  amount  of  (‘igamc  m  ittei 
will  fnapientlv  deleiiimie  wlatber  01  not  a 
soli  mav  be  use*!  as  road  basr  or  b.u  klill 


N/rengt/j  /)/  iisitif  it  sts 

(  olu‘sionIess  sods  mobili/e  tbeir  strength  in 
tliie({  propoition  to  tlu'  lo.ids  .ip[died  to  llu  in 
and  thus  depend  upon  tin  11  t  onfinement  and 
tilt'  internal  fnelion  or  mtei.u  tion  of  tin  in 
ilivubial  grains  tor  tluii  slienglli  Tlie  gte.trri 
the  dt'pMlv  of  .1  soil,  (he  more  internal  fiii  tion 
can  })(*  mt)bili/ed  and  the  guatei  ‘be  be.ning 
<  apaeitv  Hence,  if  the  dt'iisitv  of  a  i  dit'siun 
l(*ss  soil  can  he  measured,  tlu*  lu'aring  (ape 
eity  can  be  inferred.  I  nfoiinnatclv.  a  direc  t 
measure  of  densitv  of  eobesionless  soils  is  diHi 
cult  to  aeeomplisb.  Most  sampling  iiulbo.lv 
I  aiis(*  siilht  lent  dislntbam  e  to  make  densitv 
me.iMiK  inents  on  (be  sainpb's  of  (pu  stie.i  il'le 
aeeniac  v  'Du*  most  (  ommoii  im  tliod  (d  .(s^. w 
mg  (h'lisitv  is  .1  pem(ia(nui  lest  ((Uidnete.i  m 
(be  field  I  >v  d  iving  a  «  om"  01  i  split  tub* 
s.unplri  into  the  s.  al  lli-  mnnbi  1  <A  bl  ws 
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ie(iiiiietl  III  ilii\<‘  It  one  toot  lias  been  loi re¬ 
lated  with  the  di‘nsit\  of  the  soil.  This  test 
most  he  carried  out  in  accordance  ccith  fi.vc-d 
proc c-chires  sncli  as  those  adopted  hy  the  (ai- 
nadian  Stand. irds  .Assoc  i.ition.  If  soils  iirove  to 
he  dfii>e.  lin  e  pno  ide  a  eoinpetenf  hisirmn 
nu'dinin,  uhere.is  loose  eohesionlt'ss  soils  ina\ 
recpiire  spceial  precautions  to  nuard  against 
settlement  under  certain  loading  conditions. 

Cohesive  soils,  which  are  generally  less  com¬ 
petent  in  hc'aring,  lend  themselves  to  more 
dirc-c  t  measurement  of  strength  and  compress- 
ihilitv  properties.  Their  strength  is  iisiiallv  cle- 
terinmed  lie  axial  loading  of  “undisturhed 
s.imples  of  cclindric.d  shape  obtained  from 
caretiillv  trimmed  blocks  or  from  thin-w. dic'd 
lube  s.iniph'S  tak»‘n  in  .ii'cord.incc'  w  ilh  the 
f'ode  of  the  Can.ichan  Standards  .Association 
file  compressive  strength  of  a  cclinder  of  soil 
may  be  determined  by  an  unconlined  compres¬ 
sion  test  or  an  undrained  tria.xial  test,  'fhe  un¬ 
confined  compression  test  is  condnctc'd  in  the 
same  111. nine  r  as  the  lest  of  a  concrete  test 
cclinder  In  the  undr.iined  triaxi.il  test,  the 
specimen  is  isol.ited  by  a  thin  rubber  mem- 
br.iiie  .ind  fluid  pressure's,  in  addition  to  the 
■ixi.il  Stress,  are  .ip[iliecl  to  the  sample'.  'I'his 
illows  the  lest  specimen  to  be  subjc'ctod  In 
stress  Kindiiions  simulating  those  existing  in 
the  soil  in.iss. 

Although  the  uni  onfined  c  ompression  and 
the  undr.iined  tri.ixi.il  tests  \  ii'Id  the'  s.mie  re¬ 
sult,  the'  undr.iined  tri.ixi.il  test  must  be  use'c! 
Ill  speei.il  c  ire  iimsl.nices  suc  h  ,is  for  fissured 
i  l,i\  s  W  ith  the  tri.ixial  te'st  it  is  possible'  to 
.illou  the  te  st  s|ie'cinien  to  c  li.mge'  \ohmit'  tin 
ih'r  lo.id  oi  to  ine.isure  the'  w.iter  pressure' 
scithin  till'  poll's  gene  r.itcel  within  the'  s.unple 
,it  iiinst.iiil  Miliime'  rhis  procidcs  a  nioie  fiin- 
d.iniental  nnderstanding  of  the  strength  charac- 
Icristiis  of  the  soil  nid  makes  possible'  Ihi' 
force, ist  of  long-te'rm  sl.ihilits  conelitions  whe're 
the  impose  (I  lo.icls  ,iri'  hki  lv  to  cause'  an  ap- 
prei  i.ihle  eh.uigi'  in  the  w.iti-r  lonli'iit  iiiil 
hi'iiie  in  the  sliength  of  tlie  sod  I'or  be.iring 
i.ip.iiile  I  oiii[)ul.itloiis  It  is  iisii.il  to  t.iki'  till- 
slie.ir  stri'iigth  .is  one'  h.ilf  of  i  oinpre'ssi\*e 
stiinglhs  Snell  ini'.isni  i  me  nts  must  Im'  retire 
sent.itis  e-  of  the'  e  ntire'  ni.iss  of  soil  affe'e  te-d  b\ 
the  slriii  ture  not  of  ,i  few  te  sts  i  online  li  el 
ne.ir  Ifie  foiiricl.it ion  le'Ce  I 

Tor  soft  I  I, IC  S  the'  she.ir  slie  ngth  ni.ic  be- 
ileti  rniined  in  situ  be  me. ms  of  di'viei'S  sue  h 
.IS  the'  fii'ld  \  .me  I  his  is  .1  four  bl.iili  il  v.me 
tfi.it  IS  tlinisf  into  the-  soil  .ind  the  she-. 11 
stri'iigth  eli'rici'd  fioin  the'  lori|ue'  ri'ipiireel  to 
lof.iti'  It  f  ills  te  st  IS  nioie  I'l  ononiie  .il  ih.m 
labor. ilorc  tests  but  its  use  sbonid  be  ri'slrn  t 
eel  to  soft  il.ivs 

With  liigbb  pl  isfii  I  l.ic  siiils  It  IS  possilile- 
to  h-ice  .III  .ideetu.ite  be.nilig  i  .ip.li'itv  .eg.lilisl  .. 


sudden  shear  failure,  and  yet  to  liaci'  .111  unsat¬ 
isfactory  foundation  because  of  the  large  de¬ 
formations  that  dcM'lop  with  time  from  volume' 
ch.inges  in  the  soil,  f .ciinpressibilitv  char.icter- 
istic's  can  be'  predic  ted  within  ae  i  I'lit.ible  limits 
bv  means  of  ttie  consoliciatioii  or  oi'ilometi'i 
test,  in  which  an  undisturbed  s.nnplc  is  ciiii 
fined  in  a  fight  fitting  metal  ring.  The  top  .mcl 
bottom  faces  of  the  sample  are  ciiccreil  with 
porous  stones,  the  sample  is  subjected  to  a 
vertical  load,  and  the  time  rate  of  eonipression 
measured.  A  series  of  such  load  increments  is 
.ippli.'d  during  the  test  and  the  lime  r,ite  of 
i Dinpression  measurccl  for  each.  The  following 
f.ictors  iii.ic'  be  delei niineil :  pi I'c  onsolid.ilioii 
pressure,  compression  indi'X,  ind  coi  llii  ienl  ot 
iiinsoliclation  From  llii  se  the  amount  .mil  r.ite 
III  sellli'niinl  uiiili  i  .1  gieen  loail  c.in  be-  |iri' 
dietcil.  rlie  pri'consolid.ilion  pressure  ii  pre 
seiits  the  maxiiniim  lo.iil  to  w  bii  h  the'  soil  b  is 
bei'ii  snbje'C'led  in  i* .  geologie  ,il  historc  .mil 
this  g.'iii'i.illy  IS  a  s.ite  bi'.iring  pie'ssnie 

rlic  strength-eli  nsilc -e  iiinpri'ssibilitc  le  st  le 
suits  h.ive  direc  t  apjdii  .ition  to  di  sic;n  I  o 
Iri'.it  such  results  willi  c  einfiilcnce  llieii'  niiisl 
be  a  backgi oiind  of  knowledge  of  the'  soil  eon 
ilitions  to  I'liMiri'  th.il  the  le  st  re  sults  are'  in 
ili'C'd  repre'Scntatic I'  of  the'  soil  m.iss  .ilb  e  ted 
be  the  striKtiire 

Control  T<  Sts 

When  speci.dlc  si  li'c  li'd  soils  are  used  loi 
b.isi's  undi'r  sl.ibs  on  gr.iile,  lor  ro.iils  01  bii 
b.ii  klill  ag.iiiist  sti 111  turi's.  thev  become  .m  m 
ti'gr.il  p.irt  of  the  structure'  anil  must  bi  h.ici' 
in  .1  pri'dictahle'  f.ishion  To  eusiiii'  lh.it  the- 
I'.iitli  mali'ri.il  mi'els  t/ie  rci|uire(f  s[)ei  i/ii  .ifioiis 
till'  eonslruction  must  be-  lontiolleil  bv  sod 
ti'sls.  Till'  materi.il  av.iii.ibli'  should  be'  li-steil 
to  I'lisure  th.it  it  ini'cts  the'  disiied  gi.nlmg 
sp- e  ifie.ilions,  anil  must  be  pl.iii'il  .mil  1  oin- 
p  .eted  in  sni'li  .1  m.miii-r  lh.it  the  s)iei  died 
iiensitv  is  .iihieced  (  HI)  .A  'Soil  mil  Build 
iiigs,"  describes  the  imii)ui'  rel.ibonship  bi'- 
tcci'c'ii  w.itir  ci’iitent  .mil  'I'lisitc  uiidii  .1 
gici'ii  C'omp.ii  tic  I-  I'llort  for  .mv  soil  t  su.illc 
it  is  ne'ei'ssarc  th.it  the'  w.itiT  lonti'iit  bi'  iii  .ii 
the  "optimum  to  .ichieci'  the'  de  siieil  di  iisilc 
which  IS  iisu.illv  spi  e  die  d  as  Ii'ltt  |ii  i  eent 
I’roetor  densitv  cir  bii  per  1 1'lit  ot  "Moildii'il 
Troctor  "  The  Proctor  lest  is  a  method  ot  de' 
ti'iinming  the-  optimum  w.iti-r  1  onlint  for  .1 
soil  iinili'r  a  giciii  lonip.ietici'  1  Ifoit  .mil  is 
ili  se  ribi'd  bv  the  Aini'i  ii  .111  ,'ioi  ii  lc  tor  Tesliieg 
.mil  M.iteii.ds  .mil  other  st, mil, lids  oig,mi/,i 
lions 

111  ensure'  lh.it  di'sned  ilensilu  s  ate  .irhii'Ci  d 
tic'M  cicnsitc'  tests  are'  c  ciiieliie  li  il  on  the'  site' 
the'  choice  of  method  being  iln  l.ili  d  be  the 
tepe  of  sod  involved  All  ti'sl  incthods  .ilteinpt 
111  deteiniine  the  wi  lghi  of  .1  known  cohimi'  o| 


soil,  and  include  the  .nd-cone,  ”  the  "water 
balloon."  or  if  the  soil  i.  cohesive,  the  direct 
measurement  of  a  sample  of  soil.  In  recent 
years  a  radioactive  method  has  been  used 
which  !•>  certain  circumstances,  offers  con- 
siderabh-  savings  in  time. 

.\nother  Ivpe,  which  might  be  considered  a 
control  test,  is  an  investigation,  such  as  the 
loading  of  piles,  undertaken  to  provide  a  com¬ 
plete  foundation  report.  Because  knowledge  of 
the  soil  IS  so  important  in  the  interpretation 
of  such  tests  it  is  essential  to  have  detailed 
information  of  its  type  and  condition  in  each 
case. 

Spi'citil  Tests 

There  are  many  soil  tests  that  may  be  CiU- 
ried  out  to  determine  a  single  characteristic  of 
a  soil,  depending  upon  its  intended  use.  It  is 
proposed  to  discuss  briefly  three  types  of  tests 
here: 


Corrosion  potential.  The  problem  of  soil  cor¬ 
rosion  is  extremely  comple.x.  C'ertain  soils  may 
contain  chemical  constituents  that  are  very 
aggressive  to  concrete  or  steel  in  contact  with 
them  Ground  water  also  can  be  aggressive. 
One  of  the  more  common  types  of  corrosion  is 
the  deterior.ition  of  concrete  owing  to  the 
presence  of  soluble  sulphate  salts  in  the  .soil. 
The  problem  is  acute  in  semi-arid  climates 
wlu're  there  is  insufficient  rainfall  to  carry 
awav  soluble  salts,  which  often  cause  the  rapid 
disintegration  of  ordinary  concrete.  Their  pres¬ 
ence  c.iii  Ml  some  inst.iiKes  be  detected  visu- 
.illv  oi ,  more  cnnclusiveK'.  by  a  chemical 
.m.ilvsis  of  the  soil  If  such  .salts  are  present, 
coni  lote  structures  may  tie  protected  by  the 
use  of  sulph.ite  resistant  cement. 

Ground  th.it  h.is  been  filled  with  rubbish  or 
mdustri.il  wastes,  or  soil  containing  appreciable 
org.mic  m.ittcr  c.m  present  potenti.iflv  aggres¬ 
sive  ((inditions  Ground  waters  percolating 
from  such  .ire.is  may  also  be  potentiallv  corro¬ 
sive  .\g.un  It  is  necess.iry  to  conduct  chemical 
.m.ilvses  of  the  soil  and  ground  water  to  de¬ 
termine  tfie  extent  of  the  problem 
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direct-current  sources,  low  soil  resistivities, 
and  large  aiuuiiiits  of  dissolved  salts  in  th« 
ground  water.  Besides  chemical  analysis  on 
soil  samples,  indirect  methods  such  as  [irobing 
with  “corrosion  .somiders”  can  be  used  on  the 
site.  Expert  assist.niic-  will  alwavs  be  reejuired 
in  corrosion  investigations 

Swelling.  Highly  plastic-  soils  have  the  .iliilitv 
to  .swell  if  given  access  to  water.  The  .iniount 
of  swelling  will  depend  upon  the  clay  minerals 
present  and  the  initial  water  content  of  the 
clay,  but  swelling  pressures  c.ui  he  high 
cmoiigh  to  cause  serious  damage  to  .i  strin  ture 
founded  on  them.  The-  most  serious  swe-  llmg 
problems  occur  in  semi-arid  climates  because 
the  natural  vvatc-r  content  of  the  clays  may  be 
fairly  low.  .A  building  stops  natural  evapora¬ 
tion  from  the  surface  and  allows  water  to 
accumulate  under  the  foundation,  thus  causing 
the  soil  to  heave.  Tests  on  swelling  soils  can¬ 
not  give  definite  design  criteria,  but  they  serve 
to  point  up  the  potential  seriousness  of  the 
problem  and  indicate  methods  of  overcoming 
it.  Soil  tests  should  include  the  determination 
of  the  natural  water  c'ontent,  Atterberg  Limits 
and  the  shrinkage  limit.  Potential  swelling 
pressure  can  be  ineasurt'cl  in  a  consolidation 
test  where  swelling  rather  than  .settlement  is 
obsc'rvecl. 

rermeahility.  Bc'cause  soil  is  a  porous  sv  s- 
tern,  water  will  move  through  it  under  hv- 
clraulic  gradient.  Pcmieabilitv  may  be  defined 
as  the  ability  of  a  soil  to  pass  water,  and  the 
coefficient  of  permeability  is  a  measure  of  the 
.soil’s  perviousness  under  a  given  hvdraulic 
gradient.  There  are  several  methods  of  measur¬ 
ing  the  coefficient  of  permeability,  all  of  which 
measure  the  quantitv  of  water  that  Hows 
through  the  soil  samph-  in  .i  fixed  interv.il  of 
time  tinder  known  hvdr.iulic  pressures  The 
choice  of  the  test  method  will  depimd  on  the 
porosity  of  the  soil.  Knowledge  of  the  perme- 
afiilitv  of  soils  is  .1  vit.il  f.ictor  in  the  design 
of  earth  d.nus  and  dykes,  and  is  important  also 
III  tfie  design  of  dr.iiii.ige  sv  stems 

Conclusions 

In  this  Digest,  the  v  .irioiis  tests  that  may 
he  used  to  determine  the  jiroperties  of  soil 
li.ivc  lieen  discussed.  The  results  of  these  tests 
will  indicate  the  suitability  of  a  site  and  the 
various  design  alternatives  for  a  fiamdation. 
It  is  still  necessarv.  however,  to  ex'aluate  the 
test  results,  for  the  properties  of  soil  are  in- 
flueneed  bv  both  the  geological  and  climatic 
conditions  on  the  site. 
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